Introduction {#s1}
============

Men who have sex with men (MSM) remain the group most affected by HIV and other STIs, but information on the size and geographical distribution of the MSM population in Switzerland and many other countries is limited. This means prevention planners and clinicians are lacking information on the burden of HIV and STIs specific to this population. While most countries share the problem of not having reliable information on *local* MSM denominators (cities, cantons, local authority areas, etc), Switzerland is also lacking a useful *overall* MSM estimate. The best available estimates for the percentage of men with same-sex sexual behaviour have been provided in secondary analyses of the quinquennial Swiss Health Survey (SHS, details---[table 1](#T1){ref-type="table"}): it increased from 2.8% in 2007 to 3.2% in 2012, although 95% confidence intervals for the two estimates overlap.[@R1] However, conceptualising and querying homosexuality is complex and should take into account the broader social and cultural context, a distinction between sexual acts and sexual partners, and the recency of same-sex sexual contact.[@R3] The SHS asked for lifetime, but not more recent, 'sexual intercourse with penetration', without mentioning non-penetrative sexual acts, oral or anal sex. The SHS measure of men-who-ever-had-penetrative-sex-with-men is thus not ideal for defining current same-sex sexual behaviour.

###### 

Estimates for the proportion of men who have sex with men among men

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Country            Year                  Age      Estimate (95% CI)        Definition                                                                                                    Time frame
  ------------------ --------------------- -------- ------------------------ ------------------------------------------------------------------------------------------------------------- ----------------
  Switzerland[@R1]   2007                  17--74   2.8 (2.2 to 3.5)\*       Sexual intercourse with penetration (*Geschlechtsverkehr mit Eindringen/rapports sexuels avec pénétration*)   Lifetime

  Switzerland[@R2]   2012                  17--74   3.2 (3.0 to 3.8)         (idem)                                                                                                        Lifetime

  Germany[@R5]       2006--2010 (yearly)   20--59   2.2 (1.6 to 2.7)(mean)   Sexual relationships (*Sexuelle Beziehungen*)                                                                 Last 12 months

  France[@R4]        2008                  18--69   1.4 (1.1 to 1.8)         Same-sex relationships/sexual intercourse\                                                                    Last 12 months
                                                                             (*Un partenaire du même sexe, des rapport sexuels*)                                                           

  UK[@R7]            2010--2012            16--74   2.6 (2.1 to 3.0)         Oral or anal sex or any other contact involving the genital area                                              Last 5 years

                                           16--24   2.9                                                                                                                                    

                                           25--34   3.2                                                                                                                                    

                                           35--44   3.0                                                                                                                                    

                                           45--54   2.9                                                                                                                                    

                                           55--64   2.3                                                                                                                                    

                                           16--64   2.9                                                                                                                                    

                                           65--74   0.9                                                                                                                                    
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*The 2007 95% CI for Switzerland is our own calculation based on the weighted published data.

Alternatively, the German annual general population surveys define MSM as men with same-sex 'sexual relationships' in the last 12 months. The mean proportion (2006--2010)[@R5] was 2.2% for men in Germany. In France, the proportion of men reporting same-sex 'relationships/sexual intercourse' in the last 12 months was 1.4%.[@R4] The restriction to 'relationships' and/or 'anal penetration' is likely to result in underestimating the prevalence of same-sex sexual contacts. In contrast, the representative British National Survey of Sexual Attitudes and Lifestyles (Natsal) defines MSM as men who, in the last 5 years, had 'sex with a man involving genital contact', based on an understanding that sex is 'oral or anal sex or any other contact involving the genital area'.[@R6] In Natsal-3, performed 2010--2012, the proportion of MSM was 2.9%; also having increased over time, from 1.5% in 1990 to 2.5% in 2000.[@R7] It is unclear to what extent the increases in the Swiss and British surveys were due to more accurate reporting of homosexual practices and/or an increase of homosexual behaviour.[@R8] Representative general population surveys that aim to capture the proportion with homosexual experience, desire, identity or behaviour typically have sample sizes that are too small to allow geographical breakdowns. However, there is evidence that the MSM population is not evenly distributed across cities of a given country, as many MSM migrate to larger cities that provide more gay friendly social spaces.[@R10]

The planning and tailoring of prevention programmes and local sexual health services requires an understanding of the population most at risk for HIV and other STIs. Therefore, in this paper, we (1) use several existing data sources to estimate the size of local MSM populations and (2) apply published data on diagnosed HIV, hepatitis C virus (HCV), syphilis and gonorrhoea to calculate yearly HIV/STI diagnosis rates, and prevalences of diagnosed and undiagnosed HIV, both locally and country-wide, specific to MSM.

Methods {#s2}
=======

Number of men in Switzerland across postal code areas {#s2-1}
-----------------------------------------------------

We used data from the Swiss Federal Statistical Office to obtain the numbers of men between 15 and 64 years, broken down by postal code area (PCA). The Swiss postal code is a four-digit number, the first two digits marking the PCA. Switzerland has 83 PCAs, with the first two digits ranging from 10 to 96. Each PCA is characterised by an index city, including the nine largest Swiss cities (ie, more than 50 000 inhabitants---[table 2](#T2){ref-type="table"}). In 2011, Switzerland had a permanent population of 7.95 million, including 2.72 million men aged 15 to 64.^[@R14]^We calculated the proportions of men aged 15--64 living in each PCA.

Geographical concentrations of MSM in Switzerland {#s2-2}
-------------------------------------------------

We used data from the European MSM Internet Survey (EMIS-2010), a pan-European 25-language survey on knowledge, needs and behaviour with regard to HIV and STIs among MSM.[@R15] To be included in EMIS, respondents confirmed that they were "men who have sex with men and/or men who are attracted to other men and/or men who think they might have sex with men in the future" and were old enough to legally have sex in the country where they lived. The inclusion criteria did not state a specific recency of same-sex sexual contact.

Sexual minorities such as MSM might not be evenly distributed across a given country but concentrated in certain geographical areas. To calculate a factor for the concentration of MSM in each PCA, we divided the regional proportions of EMIS-2010 participants by the respective proportion of men in each PCA. The Swiss EMIS-2010 subsample is the largest ever sample of MSM living in Switzerland and consists of 5028 MSM[@R17] of whom 4534 (90.2%) provided a postal code---97.0% reported sex with a man in the previous 5 years. All but one (*Val Bregalia*, an alpine valley with 403 male residents) of the 83 Swiss PCAs were represented in EMIS-2010. To examine if the geographical distribution of the EMIS-2010 sample was representative of Swiss MSM online samples, we compared it with the geographical distribution of participants of Gaysurvey 2009 (N=1929; 1842 with PCA) and Gaysurvey 2012 (N=964; 754 with PCA).[@R12]

We define a local MSM concentration factor (K~i~) as how much more (or less) MSM concentrate in a given geographical area, compared with the national average. The following formula summarises its calculation:

$$K_{i}\text{=}\frac{\frac{s_{i}}{s}}{\frac{p_{i}}{p}}\text{=}\frac{p \times s_{i}}{s \times p_{i}}$$

*K*, concentration factor; *s*, number of survey participants; *p*, number of men aged 15--64; *i*, postal code area.

Two ways for estimating regional numbers of MSM {#s2-3}
-----------------------------------------------

Here, we present and compare two methods for estimating regional MSM denominators for Switzerland. We applied estimates from Natsal-3 (UK),[@R7] as we believe Natsal's more encompassing approach to defining MSM is more likely to accurately reflect the prevalence of current same-sex behaviour in Switzerland than using the Swiss estimates of lifetime experience of same-sex penetrative intercourse.

### Bayesian approach using an overall MSM estimate {#s2-3-1}

To calculate the absolute numbers of MSM (15--64) per local area (M~i~), we multiplied the number of males in each PCA (p~i~) by the PCA-specific MSM concentration factor (K~i~) and by an estimate (g) of the national MSM proportion (2.9 from Natsal-3 for men aged 15--64---[table 1](#T1){ref-type="table"}). For each PCA, we calculated a Bayesian 95%-credible-interval (CrI).

$$M_{i} = p_{i} \times g \times K_{i}$$

*M*, number of MSM aged 15--64; *p*, male permanent population aged 15--64; *g*=overall proportion MSM (defined as men with anal or oral sex with another man in the last 5 years); *K*, concentration factor; *i*, postal code area.

### Age-stratified approach {#s2-3-2}

Because the prevalence of MSM is not equally distributed across age groups, and because choice of residence is influenced by age, we performed a sensitivity analysis using an age-stratified approach to adjust for participation bias with respect to age. Again, we used estimates from Natsal-3: 2.9% for younger age (g~y~, 15--24 years), 3.5% for medium age (g~m~, 25--39 years) and 2.6% for older age (g~o~, 40--64 years---[table 1](#T1){ref-type="table"}). The respective sizes of the EMIS-2010 subsamples were 813 (748 with PCA), 2221 (2032) and 1994 (1754). We then back calculated an overall concentration factor (age-stratified approach, K′~i~).

$$M\prime_{i} = p_{iy} \times g_{y} \times K_{iy} + p_{im} \times g_{m} \times K_{im} + p_{io} \times g_{o} \times K_{io}$$

$$K_{i}^{\prime}\text{=}\frac{\frac{M_{i}}{M}}{\frac{p_{i}}{p}}\text{=}\frac{p \times M_{i}}{M \times p_{i}}$$

*M*′, number of MSM aged 15--64 (age-stratified approach); *p*, male permanent population aged 15--64; *g*=proportion with anal or oral sex with another men in the last 5 years; *K*′, concentration factor (age-stratified approach); *i*, postal code area; *y*, 15--24 years; *m*, 25--39 years; *o*, 40--64 years. Absolute numbers of MSM reported in this study were rounded to avoid pseudoaccuracy.

Statistical methods {#s2-4}
-------------------

We developed several hierarchical Poisson-gamma models and ran these in R-statistics. Details are described in [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}.
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Plausibility check {#s2-5}
------------------

We compared our MSM population estimates with the number of PlanetRomeo user profiles. In 2010, PlanetRomeo was the number-one online-dating platform for MSM in Switzerland. PlanetRomeo user profiles include a key city or region. To cover all languages spoken in Switzerland and available on PlanetRomeo, we searched user profiles for '*Züri(ch*)/*Zurigo*/Zurich', '*Genève*/*Ginevra*/*Genf*/Geneva', '*Bâle*/*Basilea*/Basel', 'Lausanne/*Losanna'*, '*Berne*/*Berna*/Bern' and 'Lugano'. As of 14 March 2014, there were 10 627; 3433; 3171; 2651; 3210 and 741 user profiles in the respective cities and 41 403 profiles in Switzerland (we ignored the possibility that some men might have more than one user profile).

Data on yearly rates of diagnosed HIV, HCV, syphilis and gonorrhoea {#s2-6}
-------------------------------------------------------------------

We extracted diagnoses of HIV infection, HCV infection, syphilis and gonorrhoea in MSM from the Swiss infectious diseases notification database (in Switzerland, laboratory information for these four infections are matched with information from clinics/physicians, where the gender of sexual partners is reported---data for unknown gender of sexual partners are not included in this analysis) and sorted them by PCA. To account for small numbers when broken down by 83 PCAs, we calculated the yearly mean number of notifications from 2010 to 2013, resulting in PCA-specific yearly rates of diagnoses for these infections.

Data on HIV prevalence {#s2-7}
----------------------

We based our estimates for regional HIV prevalences among MSM on two data sources: one was the publication by Kohler Schmidt *et al* on the HIV care cascade in Switzerland[@R19] that used a rigorous methodology to estimate the number of HIV-diagnosed MSM retained in care in 2012. We used the same factors to back calculate the number of individuals infected with HIV, with the advantage that all back-calculation factors (retained in care→linked to care→HIV-diagnosed→HIV-infected) were MSM specific. The other data source we used was Swiss HIV notifications broken down by PCA. We assumed that the geographical distribution of HIV notifications for MSM (accumulated for 1999--2013 approximates the geographical distribution of HIV prevalence in this population). In a last step, we applied the published proportion of men with effective antiretroviral treatment (87%)[@R19] to the estimates of HIV prevalence among MSM for the largest nine index cities, to achieve the prevalence of transmissible HIV (the number of infected men minus the number of men with viral suppression).

Results {#s3}
=======

MSM population concentrations varied across Switzerland, with concentration factors (K~i~) ranging from 0.27 to 3.85 (Bayesian approach with 95% CrI), or from 0.17 to 3.87 (age-stratified approach, K′~i~), respectively. The highest concentrations were found in Zurich (K~i~=3.85; 95% CrI, 3.58--4.13; K′~i~=3.87), followed by Basel (K~i~=2.37, 2.08--2.69; K′~i~=2.46), Bern (K~i~=1.90, 1.68--2.13; K′~i~=1.95), Lausanne (K~i~=1.86, 1.66--2.07; K′~I~=1.83) and Geneva (K~i~=1.18, 1.06--1.32; K′~i~=1.19). No elevated concentrations were found for Lucerne (K~i~=0.89, 0.74--1.05; K′~i~=0.89), Winterthur (K~i~=0.69, 0.55--0.86; K′~i~=0.70), Lugano (K~i~=1.12, 0.89--1.38; K′~i~=1.15) and St.Gallen (K~i~=1.03, 0.81--1.28; K′~i~=1.06). Concentration factors, regional proportions of MSM and estimates of MSM population sizes for all PCAs are shown in [online supplementary table s1](#SP2){ref-type="supplementary-material"}.
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Bayesian 95% CrIs were small for all nine cities, and large only for sparsely populated rural areas [figure 1](#F1){ref-type="fig"}. Concentration factors based on age-stratified approaches (both frequentist and Bayesian) differed only marginally from applying an overall percentage---a proportion of 2.9% MSM for men aged 15--64. Using other online survey data, such as Gaysurvey 2009 or 2012, resulted only in minor differences, with the exception of Lugano and other Italian-speaking areas.

![Comparing concentration factors (Ki), across 83 Swiss postal code areas (labelled by index cities), based on European MSM Internet Survey-2010 and Swiss Federal Statistical Office data, back calculated from age-adjusted numbers, versus Bayesian model with 95%-credible-intervals.](sextrans-2017-053363f01){#F1}

Bayesian approach versus age-stratified approach {#s3-1}
------------------------------------------------

The Bayesian model with the best fit, that is, with the lowest deviance information criterion (DIC), was the one with PCA-specific concentration factors (DIC=573). Applying the same MSM concentration factor for all PCAs had the highest DIC of 2471. Using different concentration factors across both PCAs and age groups (DIC=1399) fitted less well: the convergence diagnostics revealed problems with the age-stratified models, indicating that the parameters were less well identified than in the model with the lowest DIC.

In absolute numbers, the largest regional MSM populations (aged 15--64), were found in the PCAs indexing Zurich (16 000; 95% CrI: 14 300--16 500), Geneva (6000; 5400--6700), Lausanne (6000; 5200--6400), Bern (5000; 4300--5500), Basel (4000; 3400--4400), Lucerne (2300; 1900--2700) and *Zürcher Unterland* (PCA 81; 2100; 1800--2200). All other PCAs had MSM populations smaller than 2000. This includes three of the largest Swiss cities: Lugano, Winterthur and St.Gallen. Across Switzerland, we estimate the MSM population (aged 15--64 years; 2012) at 80 000 (95% CrI: 64 000--96 000).

Plausibility check {#s3-2}
------------------

When comparing the number of PlanetRomeo user profiles with the estimated population sizes in six key cities and all of Switzerland, proportions of MSM with a user profile ranged from 46% in Lausanne to 58% in Basel and 52% overall.

MSM-specific rates of HIV and STIs {#s3-3}
----------------------------------

When applying Swiss notification data, estimated rates of yearly (average 2010--2013) notified HIV, syphilis and gonorrhoea varied substantially, with the highest rates in Zurich and Geneva ([table 2](#T2){ref-type="table"}). In Switzerland overall, HIV rates were 26 per 10 000 MSM, 39 in Zurich and 33 in Geneva. HCV rates were a magnitude lower (2 per 10 000 MSM) and showed a distinct geographical pattern, with highest rates in Lugano (6 per 10 000 MSM), suggesting transmission pathways that are different from those for HIV and bacterial STIs. Syphilis and gonorrhoea showed similar rates (Switzerland: 40 and 41, respectively, per 10 000 MSM), and similar geographical patterns. Highest rates were found in Geneva (78 and 77, respectively) and Zurich (55 and 57, respectively). While syphilis testing among MSM is common in Switzerland---partly due to the availability of rapid tests---comprehensive testing for asymptomatic gonorrhoea is expensive, not covered by health insurance, and anal swabbing is rarely performed.[@R20]

###### 

MSM-specific burden of STIs and HIV. Yearly rates per 10 000 MSM; prevalence in %; with 95%-credible-intervals for single postal code areas

  PCA   Index city       HIV/year      HCV/year         Syphilis/year   Gonorrhoea/year   Prevalent HIV       Infectious HIV
  ----- ---------------- ------------- ---------------- --------------- ----------------- ------------------- ----------------
  80    Zurich           39 (36--41)   5.4 (5.0--5.8)   55 (51--59)     58 (54--62)       12.9 (12.0--13.8)   3.5 (3.3--3.8)
  12    Geneva           33 (29--36)   2.9 (2.6--3.3)   78 (70--87)     77 (69--86)       12.0 (10.8--13.4)   3.3 (2.9--3.7)
  40    Basel            16 (14--19)   0.6 (0.6--0.7)   31 (27--35)     29 (26--33)       6.3 (5.6--7.3)      1.7 (1.5--2.0)
  10    Lausanne         23 (21--26)   2.6 (2.3--2.9)   50 (45--56)     52 (46--58)       9.0 (8.1--10.1)     2.5 (2.2--2.7)
  30    Bern             22 (20--25)   1.5 (1.4--1.7)   14 (12--16)     22 (20--25)       6.2 (5.5--7.0)      1.7 (1.5--1.9)
  84    Winterthur       30 (24--21)   3.8 (3.1--4.8)   19 (15--24)     30 (24--38)       7.9 (6.4--10.0      2.2 (1.7--2.7)
  60    Lucerne          22 (19--26)   3.3 (2.8--4.0)   30 (25--36)     24 (21--29)       5.8 (4.9--7.0)      1.6 (1.3--1.9)
  90    St.Gallen        16 (13--20)   2.0 (1.6--2.6)   20 (16--26)     10 (08--13)       6.7 (5.3--8.4)      1.8 (1.5--2.3)
  69    Lugano           17 (14--21)   5.7 (4.6--7.2)   27 (22--33)     21 (17--26)       8.9 (7.3--11.2)     2.4 (2.0--3.1)
        All other PCAs   23            2.0              24              33                5.7                 1.6
        Switzerland      26            2.8              40              41                8.0                 2.2

gonorrhoea/year, notified diagnoses of gonorrhoea, mean 2010-2013; HCV/year, notified diagnoses, mean 2010-2013; HIV/year, notified diagnoses, mean 2010-2013; MSM, men who have sex with men; PCA, postal code area; infectious HIV, prevalence of non-suppressed HIV (undiagnosed, untreated, not effectively treated); prevalent HIV, prevalence of HIV (diagnosed and undiagnosed); syphilis/year, notified diagnoses, mean 2010--2013.

When applying published data on HIV prevalence, we estimate that in 2012 6300 MSM, or 8.0%, were living with diagnosed or undiagnosed HIV---12.9% in Zurich, 12.0% in Geneva, 9.0% in Lausanne, 8.9% in Lugano, 7.9% in Winterthur, 6.7% in St.Gallen, 6.3% in Basel, 6.2% in Bern, 5.8% in Lucerne and 5.7% in the rest of Switzerland ([figure 2](#F2){ref-type="fig"}). We further estimate that in 2012 1700 MSM, or 2.2%, had non-suppressed HIV infection.

![Estimated MSM population aged 15--64 (bubble size) and HIV prevalence (shading). MSM, men who have sex with men.](sextrans-2017-053363f02){#F2}

Discussion {#s4}
==========

This is the first approach to estimating local MSM populations in Switzerland. MSM in Switzerland concentrate in the five large cities of Zurich, Geneva, Lausanne, Bern and Basel, accounting for 46% of the Swiss MSM population. In comparison, men aged 15--64 living in these five cities comprise 21% of the general male population. Our estimations allow a better understanding of the size and distribution of the Swiss MSM population and provide denominators for MSM-specific epidemiology of HIV and other STIs and the allocation of resources.

Our estimate that 11.2% of men in the city of Zurich are MSM is similar to estimates for inner London primary care trusts---11.1% in Southwark, 11.2% in Camden, 10.8% in Islington, 10.7% in Kensington and Chelsea and 15.6% in Lambeth.[@R21]

Our HIV prevalence estimate of 8.0% among MSM in Switzerland is similar to the 8.3% (6.1%--11.3%) estimate for the Netherlands.[@R22] Our city-specific HIV prevalences for Zurich, Geneva and Lausanne are similar to estimates for Amsterdam (13.7%) and Rotterdam (11.0%),[@R22] inner London (9.5%),[@R21] Berlin (8.2%--14.2%), Hamburg (8.2%--16.5%), Munich (7.4%--10.9%), Frankfurt (8.0%--13.1%) and Cologne (5.7%--8.2%),[@R23] though using slightly different approaches and slightly different age groups.

STI diagnosis rates among MSM were between one and two magnitudes higher than in the general population, when comparing with 2012 notification data[@R24] among non-MSM[@R25]: HIV, 26/10 000 vs 0.4/10 000; syphilis, 40/10 000 vs 0.3/10 000; gonorrhoea, 41/10 000 vs 1.5/10 000.

MSM in Zurich (and Switzerland[@R16] had a 10-fold lower likelihood of receiving an anal swab as part of routine STI testing than their counterparts in London, Amsterdam, Dublin, Oslo or Stockholm---even when controlling for the number of sexual partners.[@R20] Asymptomatic rectal gonorrhoea and chlamydia are common in this population.[@R26] If testing standards in Switzerland were as comprehensive as in the UK, rates of *diagnosed* gonorrhoea would be twice as high as reported here.

Limitations {#s4-1}
-----------

There are several limitations to our study. First, we used British and not Swiss overall and age-specific MSM estimates, as no comparable Swiss data were available. Even across Western European countries, the proportion of men engaging in same-sex sexual contacts may differ. However, applying other European MSM population estimates (instead of Natsal-3) has no influence on the geographical distribution and the concentration factors across Switzerland, and the magnitude of the estimated HIV prevalence and STI incidence would not change. Second, the Bayesian model may be challenged: in the JAGS model, for the overall proportion of MSM in Switzerland, we assumed a binomial distribution with a non-informative beta prior. This estimate was the basis for the estimation of the concentration factor in each PCA. We neglected spatial correlation which may be justified by the fact that the neighbourhood of a PCA has no role in the estimation of the proportion of MSM. Furthermore, convergence diagnostics and the DIC revealed that the model with a differential concentration factor across PCAs fitted best and converged better than the more complex models. Third, the geographical distribution of MSM used in this study is strictly speaking the distribution of MSM internet survey participants. Given the broad coverage of the Swiss population with Internet access in 2010, and given that EMIS-2010 was offered in 25 languages, including all three major official languages in Switzerland, we think that any impact on true geographical distribution is negligible. The systematic differences we found for Italian-speaking regions of Switzerland are likely to be explained by EMIS encouraging Italian speakers by providing an Italian language version, while the Gaysurvey has always been available only in French and German. Fourth, using PCAs rather than municipalities introduces a systematic bias in capturing some cities, but it does not affect the estimates for yearly HIV/STI diagnoses rates or prevalence, as the bias is the same in both numerator and denominator. When calculating concentrations factors, it is important to point out that for example, "Zurich" is actually the PCA number 80, that is the city of Zurich and not all the city's urban area. Fifth, our assumption that the geographical distribution of MSM diagnosed with HIV in Switzerland 1999--2013 approximates the geographical distribution of HIV prevalence may be challenged, however, we believe that mobility after HIV diagnosis is low and access to HIV-testing and HIV-treatment services are similar for MSM in Switzerland. Sixth, using telephone interviews in the general population to capture homosexuality has been critised.[@R3] Other methods, based on self-reported HIV diagnoses in online surveys and notification data plus household internet access, have resulted in a smaller population size of about 70 000 MSM[@R29]; however, this is still within our credible interval. Seventh, the age limitation 15--65 for being sexually active can be questionned. As for the lower bound; MSM living in Switzerland (2010) reported a median age at first sex with a man of 18 years, with an IQR of 15--21. For this reason, we think that MSM younger than 15 years can be neglected for this analysis. As for the upper bound; when further applying the Natsal-3 estimate of 0.9%[@R7] for men aged 65+ ([table 1](#T1){ref-type="table"}), the number of all MSM in Switzerland can be estimated at 85 000 (95% CI 70 000 to 100 000. Despite these limitations, we believe our findings to be sufficiently reliable for the commissioning of health services.

Implications {#s4-2}
------------

Our study has implications for the commissioning of STI services as well as for the recommendation for HIV oral chemoprophylaxis, also known as pre-exposure prophylaxis (PrEP). We found that between 2010 and 2013, 0.26% in Switzerland, 0.33% in Geneva and 0.39% of MSM in Zurich had been diagnosed with HIV every year (in a population with increasing rates of HIV testing),[@R24] and yearly HIV diagnoses among MSM in Switzerland have since decreased.[@R30] The WHO recommends PrEP for MSM with substantial risk of infection, defined as an HIV incidence of about 3% or higher.[@R31] This means that in Switzerland, PrEP should only be recommended to a subset of MSM. Our data also suggest that in areas with concentrated MSM populations, risk for STI acquisition is very high. Low-threshold targeted comprehensive STI testing is warranted. Our study also has implications for counselling on HIV risk. While in the general population about one in a thousand men and women in Switzerland has HIV,[@R19] it is about 1 in 10 among MSM. Gay and other MSM need to be aware that on average, one in 45 sexual partners can transmit HIV ([table 2](#T2){ref-type="table"}).

Conclusions {#s5}
===========

Combining general population data, MSM online surveys and notification data provides realistic estimates of local MSM population sizes and thus MSM-specific rates of diagnosed HIV and other STIs. Our methodology can be adapted to other countries with similar data sources; for example, for most European countries, data on the geographical distribution of MSM online survey participants is available.[@R16]

###### Key messages

-   Precise population sizes of sexual minorities such as male homosexuals or men-who-have-sex-with-men (MSM) are difficult to calculate, due to variations of sociocultural contexts and definitions.

-   Triangulating general population, MSM online survey and notification data allows the calculation of rough but realistic estimates of local MSM populations and thus MSM-specific rates of HIV and other STIs.

-   MSM-specific prevalence of HIV and incidence of diagnosed HIV, hepatitis C virus, syphilis and gonorrhoea vary substantially across regions and cities within Switzerland.

-   Our methodology can be adapted to other countries with similar data sources.
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